The in vitro differentiation of pancreatic stem cells has recently been shown to represent a new source of β cells for cell therapy in diabetes. Human ductal cell differentiation, in vitro, has been documented in threedimensional (3D) culture and recently substantiated. Although encouraging, the optimization of the ductal cell source, expansion and differentiation ex vivo are mandatory for clinical relevance. We compared three sources of human ductal cells (hDC) (method A1-2, B, and C). The classical main duct isolation of hDC by explant (A1), or enzymatic digestion (A2), was compared with two indirect methods: from 3D cultured human islet/duct-enriched fractions (B) and dedifferentiated exocrine fractions (C). Method A: few viable hDC were obtained from the main duct. Method B: embedding islet/duct rich fraction in 3D collagen gels expands the cytokeratin 19 (CK19)-positive ductal component in the form of ductal cysts, as we described previously; monolayers derived from digested cysts were 80% ductal (CK19). Method C: initially adherent amylase-positive exocrine clusters contained 12% (CK19) to 22% (CK7) ductal cells. One-week exocrine cultures were amylase negative and 46% (CK19) to 63% (CK7) ductal. Cell viability varied: <20% (A1), 81 ± 12% (B), 91 ± 2% (C). Extrapolating total yields we obtained (±SEM): 10.5 ± 4.6 × 10 3 (A1), 36 ± 18 × 10 3 (A2), 292 ± 50 × 10 6 (B), 1696 ± 526 × 10 6 (C) viable hDC per pancreas. A secondary monolayer expansion of cyst-derived hDC (method B) was achieved with NuSerum  (4.2-fold on plastic, 2.6-fold on 804G matrix; p < 0.05 vs. control cells on plastic). First passage exocrine-derived ductal cells also responded to matrix and to growth factors, albeit not significantly. In conclusion, this study demonstrated that an abundant hDC supply can be obtained from islet/duct or exocrine fractions followed by monolayer expansion with Nu-Serum. If their differentiation capacity is confirmed, in particular exocrine-derived ductal cells may represent a promising abundant source of islets for allogenic and autologous diabetes cell therapy.
INTRODUCTION
pancreas (17) . This continuity of islet neogenesis in the adult confirms that the ductal precursor cells conserve The poor availability of human β cells will rapidly their stem cell capacity in the mature pancreas. Howimpair the development of successful cell replacement ever, this elusive pancreatic ductal stem cell remains ill therapies for treatment of type I diabetes mellitus (46) . defined, where ductules (38) and ductal cells associated In vitro neogenesis of endocrine tissue from pancreatic with islets (6) have been purported to represent at least stem cells has recently been shown to constitute an atone pool of islet precursors. Recently, the hypothesis tractive novel source of homologous or autologous β that all ductal cells can regain pluripotency by undergocells (35) . During embryogenesis, both pancreatic islets ing rapid cycling and function as true stem cells in the and exocrine tissue are formed from the proliferation adult pancreas was set forth in the rat (5, 41) . Preliminary and secondary differentiation of precursor cells with a signs of human ductal cell differentiation have been docductal epithelial phenotype (42) . In the adult rodent, umented (26) in three-dimensional (3D) culture and repostnatal regeneration following diverse experimental cently substantiated, yielding 30,000 neoformed islets stimuli borrows this embryonic pathway (5,37). Likeper pancreas in addition to the initially isolated islet wise, islet neoformation from adult ductal precursors mass (4). Although encouraging, optimization of the (nesidioblastosis) is flagrant in certain clinical patholoductal cell source, expansion ex vivo, and differentiation gies and frequently observed in the normal adult human are compulsory for clinical relevance. The classical 110 GMYR ET AL. method (43) of isolating human ductal cells from the at 37°C, 5% CO 2 in DMEM supplemented with 15% main pancreatic duct remains quantitatively limited (24) .
FCS. Alternative methods of obtaining human ductal cells
From Three-Dimensional Culture of Human Islet from islet/duct-enriched fractions by our group (26) and
Preparations (Method B) . Cellular fractions rich in isfrom exocrine tissue (18, 44) may offer attractive alternalets (n = 9) (i.e., 63.9 ± 3.9% of cell clusters) were stained tives, but these techniques require quantification. Thus, by Dithizone and ducts were obtained after pancreatic the goal of this study was to compare and quantify hudissociation and purification in discontinuous isopycnic man ductal cells obtained from the main duct, islet/ductdensity gradients, as detailed previously (26) . After 1-2rich fractions, and exocrine tissue and to subsequently day culture in CMRL-1066 containing 2% Ultroser (Life expand them in vitro.
Technologies) (47), islet preparations were embedded in 3D rat tail collagen gels as described in our laboratory MATERIALS AND METHODS (26) . To optimize the expansion of the ductal component Primary human tissues used in this study were obtained leaving islets intact, the 3D matrix was overlaid with from pancreata of 19 adult brain-dead donors (34.7 ± medium M4 (all media used in this study are listed in 1 years old) according to French Regulations and after Table 1 ), found in our laboratory to be superior to 20% approval of the Ethical Committee of our institution.
FCS, which was used in the original studies (26) . In Pancreata were harvested during the classical multiorgan parallel, we tested medium M3 shown to lead to a 90% procurement and stored at 4°C for <5 h in University of dedifferentiation of islets into ductal cysts (48). After 48 Wisconsin solution (Viaspan DuPont Pharma, Netherh and thereafter every 3 days, the medium was changed. lands) until their utilization in our laboratory. The over-After 7-10 days of culture, collagen gels were digested all design of the experiment is summarized in Figure 1 .
for 50 min (37°C) with a solution of CMRL-1066 sup-All chemicals were purchased from Sigma-Aldrich plemented with collagenase (0.5 mg/ml, type P) to re-Chemicals (Saint Quentin Fallavier, France), unless othlease cysts (20). Cystic structures were manually hand erwise specified.
picked away from pancreatic islet and remaining acinar clusters under a binocular loupe. Single-cell suspensions Human Ductal Cell Cultures were subsequently made from ductal cysts as described (20) . First cysts were incubated in calcium and magne-From the Main Duct (Method A). For explant culsium-free Hank's balanced salt solution (HBSS) for 3 tures (method A1, n = 4), a segment of the main pancremin at 25°C, followed by a 5-min incubation at 37°C in atic duct was manually dissected and opened by a longi-HBSS containing EDTA (0.76 mg/ml). The cysts were tudinal incision. Ductal fragments, chopped in 1-2-mm then suspended in CMRL for 3 min at 25°C, and enzypieces in Dulbecco's minimum essential medium (DMEM) matically digested in CMRL containing collagenase (1 containing 20% fetal calf serum (FCS), were plated dimg/ml, type P) for 10 min at 37°C. The digestate was rectly on culture-treated plastic dishes (Falcon  , Becton washed in CMRL with 20% FCS and filtered (mesh 80 Dickinson, France, 35 mm), or on rat tail collagenµm). Undigested fragments were further digested with a coated dishes (diluted 1:5 in CMRL-1066) as described fresh collagenase solution. Isolated cells were cultured by Montesano (32) . The culture medium was changed in DMEM (10% FCS) at 37°C. after 24 h to eliminate the unattached ductal fragments, and every 48 h thereafter with DMEM 3 g/L glucose From Pancreatic Acini (Method C). Following islet (Life Technologies LTD, Paisley Scotland) containing purification with density gradient centrifugation, the 15% FCS (EuroBio Laboratories Les Ulis, France) and denser human acinar fraction (n = 5) was recovered in antibiotics (26) . the pellet. In this fraction, embedded islets and islet frag-Enzymatic isolation of pancreatic ductal cells from ments represented less than 5% of total cell number. the main duct (method A2, n = 6) was performed as de-After three washes, the equivalent of 80 µl packed exoscribed by Löhr's group (43). Briefly, after dissection, crine pellet was placed in culture-treated plastic dishes the main pancreatic duct was minced as above, digested (Falcon  ). Cells were cultured for 7 days in a monolayer with collagenase (1 mg/ml, type P, Roche Diagnostics, in DMEM medium containing 10% FCS, ITS (2%), Ge-Meylan France) and α-chymotrypsin (0.02%) at 37°C neticin  (G418, 50 µg/ml, Life Technologies), as defor 40 min, then mechanically disrupted by pipetting.
scribed by Vila et al. (44) . After filtration (80 µm), undigested tissue was transferred to a fresh enzymatic solution for 1 h. Cell viabil-Cell Characterization: Immunohistochemistry ity was measured by the trypan blue exclusion test, im-Cell pellets, included in biological glue (Tissucol  mediately after isolation. Cells were seeded in both plastic and rat tail collagen-coated dishes and cultured kit, Immun AG Vienna, Austria) (27) , and 3D rat tail Figure 1 . The classical technique of obtaining human ductal cells from the main duct was compared with two other techniques. In method A the main duct was dissected from the pancreas and cultured as an explant (A1) or cultured after enzymatic digestion (A2). In methods B and C the pancreas was enzymatically digested and purified with isopycnic gradients. Endocrine and ductrich fractions were embedded in rat tail collagen gels (method B), leading to ductal cyst formation. Ductal cysts were liberated from gels, digested into isolated cells, which were cultured in monolayer. After islet purification, recovered exocrine fractions were cultured (method C). Secondary cell expansion was determined on ductal cells from digested cysts (method B) and after trypsinization and replating primary exocrine-derived ductal cultures (method C). collagen gels were fixed in a 4% paraformaldehyde so-(28) or plastic alone. Four different media were tested for each matrix or plastic as detailed in Table 1 . lution and further processed for paraffin embedding. Cells cultured directly on slides or on plastic were fixed In three preparations, secondary proliferation of ductal cells derived from exocrine tissue (method C) was de-in cold 80% ethanol (−20°C) for 10 min. Cytospins were prepared from trypsinized (0.025% trypsin, 0.5 mM termined after trypsinizing and replating in triplicate (25,000 cells/cm 2 ) on plastic or on 804G matrix-coated EDTA in PBS) cell suspensions (1000 rpm, 1 min, Cytospin 3, Shandon Scientific Limited, Cheshire UK), dishes in the presence of media M1, M2, M4 as described in Table 1 , or 10% NuSerum IV  . which were air dried overnight, individually wrapped in foil, and stored at −20°C. Prior to use, cytospins were After 3-day culture for cyst-derived ductal cells (method B), or 7 days for exocrine-derived ductal cells fixed in buffered acetone at 4°C (Dako, Trappes, France) followed by acetone alone.
(method C), 1 µCi/ml of tritiated thymidine (ICN Pharmaceuticals, Orsay, France) was added to the medium Fixed cells or deparaffinized sections were incubated with antibodies specific for epithelial cells: pan-cytoker-for 8 h. Cells were washed, precipitated with trichloroacetic acid (5%), sonicated, and dissolved in sodium hy-atin/keratin 1 (pan CK, clone KL1, Immunotech, Marseille, France); ductal cells including cytokeratin 7 (CK7, clone droxide (0.5 M). Radioactivity was determined in a scintillation counter. Results were expressed separately as OV-TL12/30, Dako) and cytokeratin 19 (CK19, clone BA17, Dako); fibroblasts: vimentin (generously ob-percent of ductal cells derived from the two methods (B and C) based on cell proliferation observed in each tained from INSERM U459 Lille, France); acinar tissue: amylase (Sigma Chemicals); and neuroendocrine cells:
of the respective control wells (culture on plastic in DMEM + 10% FCS = 100%). In each preparation, cell chromogranin A (Dako) and synaptophysin (Dako) (see Table 2 ). Revelation of immunostaining was performed proliferation was measured in triplicate for the tested conditions, and the mean of the triplicates was consid-as detailed (26) Figure 2A depicting the ductal cus Concepts, Inc., Berkeley, CA). Differences were and endocrine component. considered significant at the 5% level. We theoretically calculated by extrapolation the total Secondary Pancreatic Ductal Cell Proliferation number of viable ductal cells that could be obtained from an entire human pancreas. First, for each method, To determine if secondary ductal cell cultures could be subsequently expanded in monolayer culture, a sus-viable cell yields were counted per preparation in triplicate and expressed per cm of canal in method A, per pension of ductal cells obtained from method B was prepared from cystic structures from five pancreata and 200 islet equivalents (150 µm) in method B, and per 80 µl solid exocrine pellet originally plated in dishes in plated in triplicate in 48-well plates (10,000 cells/well) coated with matrix secreted by the 804G cell line (gener-method C. To estimate the number of viable human ductal cells, the total number of viable cells was then multi-ous gift from by R. Oyasu, Northwestern University, USA) plied by the percentage of cells with a ductal phenotype the formation of ductal cystic structures, as previously as determined in immunohistochemistry. To extrapolate characterized (26) (Fig. 3A) . The ductal nature (antifor an entire pancreas we considered that for method A CK19, Fig. 3B ) of 3D cystic structures was confirmed 15 cm of main duct could be isolated from each panby immunohistochemistry. Maximal ductal cyst expancreas; for method B the mean islet yield from the our sion, determined visually with an inverted microscope, last 20 consecutive isolations was 143 ± 2.3 × 10 3 islet was achieved more rapidly (6 days) in preparations culequivalents per pancreas; and for method C an estimated tured in the presence of 10% of NuSerum IV  (medium mean of 35 ml of exocrine tissue is recovered after puri-M3) than in the presence of 2.5% of FCS + ITS (10 fication. days) (medium M4). Dithizone-stained islets, as well as insulin-positive islets, persisted during the 3D culture RESULTS period in both media. Collagen gels, originally plated Human Ductal Cell Cultures with islet/duct-rich fractions containing 200 islet equiva-From the Main Duct (Method A). For explant cullents, were enzymatically digested, and approximately tures (method A1, n = 4), 5-15 cm of main duct was 125 cystic structures could be manually recovered from obtained after dissection. The minced ductal fragments each gel by hand picking. After a secondary enzymatic attached after 4 h of culture to rat tail collagen-coated digestion of cystic structures, the average number of isodishes. During the first week of culture, typical explant lated cells per culture dish was 5.1 ± 0.7 × 10 5 cells for cultures were observed ( Fig. 2B) with an epithelial mor-NuSerum  (medium M3) and 3.6 ± 0.5 × 10 5 for 2.5% phology and only a minor contamination by fibroblasts.
FCS + ITS (medium M4). The mean viability of isolated The majority (70%) of cells were immunostained with cells derived from cysts for both media was 81.3 ± 12%. anti-CK19 after 48 h of culture (Fig. 2C ). This ductal After 1 week of culture, immunocytochemical studies phenotype was maintained up to 3 weeks; however, exdemonstrated that more than 80% of cells had an epitheplant cultures ceased to expand after 1 week and never lial (pan-CK), more specifically a ductal phenotype (CK19, achieved confluence, as observed in an inverted micro-CK7) ( Fig. 3C ) and carbohydrate antigen 19-9 (CA19scope (Fluovert FU Leitz, Leica Microscope Germany). 9, not shown). After a 7-day culture, a minor fibroblast This technique resulted in only a minute number of cells contamination was detected using Vimentin (Fig. 3D ). (<10 3 /cm of main duct) with a limited proliferation ca-From Pancreatic Acini (Method C). Figure 4 demonpacity.
strates the phenotypic changes of exocrine preparations For the enzymatic digestion (method A2, n = 6), a during culture. After overnight culture, cell clusters mean of approximately 12 ± 6 × 10 3 cells (range 5 to 54 attached to dishes and their exocrine, epithelial nature × 10 3 ) was isolated per cm of pancreatic canal after enwas confirmed by immunohistochemistry with anti-amyzymatic digestion prior to culture, with a 45 ± 15% vialase ( Fig. 4A ) and pan-CK ( Fig. 4B ), respectively. At bility estimated by trypan blue exclusion test. After 2 this time (12 h), cells that attached were only weakly days of culture on plastic, 80% of isolated cells demonlabeled for the ductal antigens: CK7 (Fig. 4C ), CK19 strated a ductal epithelial phenotype (CK19 immuno- (Fig. 4D) , and CA 19-9 (results not shown). labeling) ( Fig. 2D ) and the remaining cells were fibro-After as early as 48 h of culture, a decrease of the blasts, positive for anti-vimentin. However, after 1 week acinar marker (anti-amylase) was observed simultaneof culture, an inversion of cell populations was detected ously with an increase of ductal markers. After 1 week and the majority of cells were vimentin positive and on plastic, anti-amylase immunoreactivity became negaonly approximately 20% were positive for the ductal epithelial marker CK19. This minor ductal contingent retive ( Fig. 4E , no cells were stained with the Phtalored mained stable (CK19 positive) on plastic for at least 3 chromogen); yet, the vast majority of cells remained epiweeks. Coating dishes with collagen did not improve thelial in nature (pan-CK, Fig. 4F ). This near total imthese results.
munolabeling of cells for pan-CK confirmed that con-The passage of cells from method A1 or A2 using tamination of cultures by fibroblasts was minimal after either trypsin (0.25%), diluted trypsin (0.025%) + EDTA 1 week. Immunoreactivity to ductal markers increased (0.02%), or EDTA alone induced the death of 80% of rapidly during culture (CK7, Fig. 4G; CK19, Fig. 4H ).
cells. The poor cell yield of both main duct techniques
Cell cytospins prepared from four different prepara-(method A) did not permit further proliferation and diftions allowed the quantification of the different cell pheferentiation studies. notypes (Fig. 5 ). After isolation, ductal cells represented 11.8 ± 4.6% (CK19, range 3.7-19.7%) to 22 ± 1% (CK7, From 3D Culture of Human Islet Preparations range 20-25%) of cells compared with 45.9 ± 4% (Method B). The inclusion of the human islet/ductalrich fraction in rat tail collagen gels (n = 9) resulted in (CK19, range 36-57%) to 62.6 ± 3.6% (CK7, range 56- 75%) of the total number of cells after 1 week of culture, 50 × 10 6 and 1.696 ± 526 × 10 9 human viable ductal cells could be obtained from an entire human pancreas from depending on the antibody applied. Neuroendocrine cells islet/duct-rich fractions cultured in 3D (cyst-derived (synaptophysin) remained a minor contaminant of prepductal cells) (method B) and from exocrine tissue fracarations throughout culture (4.7 ± 3.5% day 0 vs. 1.8 ± tion (method C), respectively. 0.8% day 7). Table 3 compares the three isolation techniques. Both Secondary Pancreatic Ductal Cell Proliferation the digestion and explant cultures of main pancreatic duct (method A) yielded a limited number of cells (10.5 Table 4 depicts the secondary proliferation of first to 36 × 10 3 cells per pancreas) and viability (<20%), passage ductal cell cultures obtained from method B diwith a low proliferation capacity and considerable fibrorectly after enzymatic digestion of ductal cysts hand blast overgrowth. In contrast, both indirect methods of picked from 3D cultured islet/duct-rich fractions and obtaining ductal cells resulted in a large number of viamethod C after trypsinization of 1 week cultured dedifble cells, compatible with the subsequent proliferation ferentiated exocrine tissue. For each of the methods, cell and differentiation studies. For each of the three techproliferation, measured by the incorporated of tritiated niques, the total number of viable human ductal cells thymidine, was separately expressed as a percentage of per entire human pancreas was calculated by extrapolacontrol wells (proliferation on plastic in DMEM with 10% of FCS = 100%). tion (see Materials and Methods). Approximately 292 ± For ductal cells derived from method B (n = 5), the responded to the addition of growth factors, including HGF, EGF/ITS/CT, and NuSerum  compared with pro-addition of hepatocyte growth factor (HGF) and epidermal growth factor (EGF) caused a twofold increase, and liferation in controls (p > 0.05 vs. control wells with 10% FCS). The presence of 804G matrix had a tendency the combination of NuSerum  EGF (10 ng/ml)/ITS caused a 4.2-fold increase in proliferation (p < 0.05, in the latter to increase cell proliferation compared with plastic dishes in each of the different media tested including 10% FCS. vs. control wells). None of the matrices tested, including 804G, collagen type IV, or rat tail collagen (latter two
The observed tendencies did not achieve statistical significance due to the small number of preparations not shown), improved proliferation above levels observed on plastic dishes. A kinetic study of two prepara-(n = 3). tions showed that the secondary ductal cell proliferation DISCUSSION increased linearly up to 9-day culture in the presence of 10% FCS or NuSerum  ; however, no matrix (804G)-Converging evidence in the animal and human pancreas suggests that the islet precursor is an epithelial cell enhancing effect was observed in comparison with plastic (results not shown).
with a ductal phenotype [reviewed in (7)]. Under the influence of numerous growth factors, either during pro-The proliferation of exocrine-derived ductal cells was consistently higher after 7-day culture (Table 4) rather voked regeneration in vivo, in transgenic mice, or in vitro in fetal pancreatic differentiation these pancreatic than after 3 days (results not shown), and thus results were presented at 7 days. In general, secondary human ductal precursors can differentiate, giving rise to islets by neogenesis [review in (39) ]. As shown in Figure 2A , ductal cells derived from exocrine tissue attached and islet neoformation from ductal precursors remains active ductal cells from the main duct (method A). The main pancreatic canal yielded few viable ductal cells (10-36 in the normal adult human pancreas ( Fig. 2A) (17) and has recently been quantified in vivo (8). In a 3D model × 10 3 per pancreas) as previously reported (24) even despite limiting fibroblast contamination by culturing in a system our team showed preliminary signs of human ductal cell differentiation in vitro (26) . In a very similar serum-free medium (11). Typically, immortalization is used to assure hDC proliferation (11, 24 (35) , is ofibroblast feeder layer. This technique appears promising, but detailed cell numbers were not included in their very exciting for the future field of islet transplantation. Fine tuning and optimization of each step of the proce-report. During the revision of this manuscript Peck's team demonstrated the near quasi-total death of enzy-dure are required, including the ductal cell source, its expansion, and differentiation ex vivo prior to envisag-matically isolated mouse ductal cells. A significant expansion step was achieved thereafter in monolayer ing a clinical application.
In this study, we evaluated two alternative methods culture followed by the differentiation of the expanded murine ductal cells into islets, capable of normalizing of obtaining human ductal cells and compared the results with the classical technique of obtaining human glycemia in diabetic animals following transplantation FACING PAGE Figure 4 . Immunohistochemistry of ductal cells obtained from exocrine cultures (method C) (bar = 50 µm). The phenotypic change of exocrine cells after 12-h versus 1-week culture. The prevalent exocrine (anti-amylase, Phtalored) immunolabeling of tissue fixed after one night of culture on plastic (A) was lost after 7-day culture (E). After one night of culture, most cells were epithelial (antipan-cytokeratin, DAB) (B) and remained so after 7 days (F). After one night of culture, the minor ductal component was demonstrated by (C) anti-cytokeratin 7 (CK7, 25% for the cytospin preparation shown, DAB) and with (D) anti-cytokeratin 19 (CK19, 11% for the fixed cells shown, DAB). After 7-day culture, ductal markers increased substantially including (G) anti-CK7 (75% for the preparation shown, DAB) and (H) anti-CK19 (57% for the preparation shown, DAB), demonstrated on acetone fixed cytospins prepared from exocrine cell preparations. †Extrapolation for an entire human pancreas considered that, for method A: a maximum of 15 cm of main duct can be dissected out; for method B: a mean of 143 ± 2.3 × 10 3 islet equivalents are obtained/pancreas (mean of n = 20 last consecutive islet isolations); and for method C: a mean of 35 ml of exocrine tissue was recovered per pancreas after islet purification. The % ductal phenotype was also considered in the calculation. ‡Death of 80% of cells after trypsinization. (35) . Adaptation of these culture conditions to achieve cells. Thirty percent of the total cell number was ductal in phenotype localized mainly in the acinar clusters. large numbers of ductal cells dissected from cadaveric human ducts has been suggested (US patent #6,001,647)
Ductal fragments represented only 4.6% of the cells. The initial expansion step of the ductal component in but awaits confirmation.
Culturing partially purified islet preparations in 3D 3D culture allowed us to visualize and subsequently manually purify away ductal cysts from the majority of gels, we previously demonstrated the propensity of human ductal cells to proliferate in vitro and observed phe-islet and remaining acinar clusters, both of which were present in 3D cultures after 7-10 days. Isolated ductal notypic changes compatible with initial signs of endocrine differentiation (26) . However, the initial presence cyst-derived cells were thereafter studied in monolayer culture. This indirect pathway provided us with a large of differentiated endocrine cells in this model impaired the clear-cut interpretation of a subsequent differentia-number of hDC (292 × 10 6 ), including the most terminal segments of the pancreatic ductal system, for which ro-tion of the neoformed ductal cells. In the present study, we used this 3D model to initially expand the ductal dent islet neogenesis is associated (38) . Conversely to Rosenberg et al. (48) , in our hands, the 3D culture of component in islet/duct-rich preparations. As we previously reported, the initial preparations, estimated as human islet preparations with NuSerum  medium did not result in a complete 90% cystic dedifferentiation of >80% pure (i.e., endocrine) by dithizone staining, corresponded in immunohistochemistry to 49% endocrine islets, and numerous islets visualized with dithizone remained present after 10-day culture. Various technical cells and 51% nonendocrine including acini and ductal , and method C (7-day cultured exocrine-derived ductal cells = 100%, n = 5). †After digestion of cysts, or trypsinization of 7-day monolayer exocrine preparations, cells were plated in triplicate on plastic or on 804G-coated wells. ‡The media evaluated (see Table 1 ) included medium M1, M2, M3, and M4. §After 3-day culture for cyst-derived ductal cells (method B), or 7-day culture for exocrine-derived ductal cells (method C), 1 µCi/ ml of tritiated thymidine was added to the medium for 8 h (see Materials and Methods). For each culture condition, the proliferation was expressed as the percentage of the proliferation of the same cell type on plastic in FCS 10%. Results are expressed as the mean ± SEM. ¶p < 0.05 in comparison to respective control wells (100%).
differences in islet seeding concentrations, islet size (ov-We further identified monolayer culture conditions propitious for a secondary expansion of the indirectly er-or underdigested islets), and the pH of collagen gels during islet resuspension may account for this discrep-derived (methods B and C) hDC cultures. We previously quantified the ductal cyst expansion in 3D gels by deter-ancy. Ductal cells are concentrated at the same interface as islets following the classical Ficoll purification proto-mining the labeling index after bromodeoxyuridine incorporation; when islet preparations were cultured for 5 col (36) , and thus the islet/duct-rich preparations can be used to obtain ductal cells after which the remaining is-days in type 1 collagen gels, 18.7% of cells in ductal cysts proliferated versus 0% at day 1 and 4.1% at day 3 lets are discarded. Alternatively, additional Ficoll gradients could be added to separate the islet fraction and the (26) . In addition to this initial ductal expansion in 3D gels, a four-, two-, and twofold secondary expansion duct fraction as recently published (34) . Although this eliminates the islets and the associated problems, in our could be obtained in a subsequent monolayer culture with NuSerum  , EGF, and HGF, respectively, confirm-hands only few ductal cells appear in this pure interface and losses are too important using this ductal fraction.
ing reports in the literature (12, 45) . First passage human ductal cells originating from the exocrine tissue fraction More recently, selective adherence of islet/duct-rich preparations has been used to attempt to concentrate (method C) responded similarly to growth stimuli, namely HGF, EGF, and NuSerum  , albeit without sig-ductal cells and maximally remove islets that normally do not adhere to untreated dishes during a 24-h period nificance due to the small number of preparations studied. The observed differences in the kinetics of cell pro-(4). Moreover, the differentiation capacity of these human ductal cells was validated. liferation in hDC originating from the exocrine tissue (7 days) versus cyst-derived ductal cells (3 days) may be Human exocrine tissue was the third source of "ductal" cells evaluated. Both human and rodent exocrine explained by the state of the initial plated preparations: aggregated cells from ductal cystic structures were tissue (18, 44) undergo a rapid loss of the exocrine marker amylase with a simultaneous acquisition of func-plated versus isolated exocrine cells. The extracellular matrix (804G, or rat tail type I col-tional ductal characteristics. The presence of the cystic fibrosis transmembrane regulator and the capacity to in-lagen, and collagen type IV, results not shown) had no effect in our study on secondary monolayer cultures of crease intracellular cAMP levels in response to secretin have been documented in this model (44) . In vivo this hDC derived from method B (ductal cysts) unless serum-free medium (HGF, 1% ITS, 2% albumin) was used dedifferentiation phenomenon is implicated in the formation of tubular structures in chronic pancreatitis and (increase of four-, three-, and threefold, respectively, compared to plastic alone). Lefebvre et al. (29) demon-pancreatic adenocarcinomas (3). This phenotypic alteration of exocrine epithelial cells (pan-CK positive) was strated a 10% labeling index for primary hDC cells cultured on 804G matrix versus 2% in suspension, increas-characterized by a panel of established ductal markers including CK19, CK7, and the carbohydrate antigen 19- ing to 30% when HGF was combined with the matrix. Unfortunately, in their study, cell proliferation on 804G 9 (sialyl Lewis a antigen) in light of their specificity. Initially the exocrine fraction contained less than 5% en-matrix was compared with proliferation in suspension cultures and not to proliferation on plastic. Serum (FCS docrine cells, 20-25% ductal cells, and the remaining tissue was (70%) acinar cells. After 7-day culture of vs. human serum) as well as cell passage differences (primary vs. secondary cultures) render difficult the di-exocrine preparations, the ductal phenotype was confirmed in 63% (CK7) to 46% (CK19) of cells depending rect comparison between these two studies. The ability to pass ductal cells originating from exocrine tissue was on the antibody applied. Such heterogeneity in immunolabeling was depicted in cells even prior to exocrine cul-only recently investigated (45) , but must be pursued in parallel with phenotypic studies to estimate the impact ture (Fig. 5) , and in fixed human pancreatic sections (not shown). It may be explained by the finding that although of this technique. Fibroblast overgrowth could contribute to the secondary expansion of human ductal cells CK7 and CK19 are strongly expressed in centroacinar and ductal cells, CK7 has been observed in addition in a reported in this study. However, this appears unlikely first of all because exocrine-derived cells were 63% duc-variable subpopulation of ductal cells (40) . The original authors reported that all epithelial cells were CK19 posi-tal (CK7) but 90% epithelial (pan-cytokeratin positive). G418 was indeed added to primary exocrine cultures as tive using clone LP2K (18, 44) whereas our laboratory used clone BA17; such variable staining to the different recommended to minimize fibroblast overgrowth (44) . Likewise, cholera toxin has been shown to reduce fibro-CK19 clones has been reported (7). Because exocrine tissue (acini + ductal cells) accounts for more than 95% blast growth. More importantly, HGF (29, 45) , EGF (2, 13,14,30,31,33,49), and NuSerum  (2,22,25,31) tested of the pancreatic tissue, this technique could represent an abundant source of ductal cells, yielding up to 1.7 × in our study are all classical mitogens for ductal cells from diverse species. Double labeling studies (Ki-67/ 10 9 viable hDC from one donor.
